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Determination of 2,3,7,8~Tetrachlorodibenzo-p~dioxin in Fish Samples from
Spring River in Missouri

" Laboratory Report to: Missouri Department of Conservation

A request from the Missouri Department of Conservation for the analysis of fish
samples for 2,3,7,8-TCDD was made to Dr. Stalling, Chief Chemist and approved by
Dr. Richard Schoettger, Laboratory Director. This report includes:

1) Sample history and custody

2) A summary of the analytical results including those for analyses ot
laboratory control samples

3) Pertinent analytical data including mass chromatograms and
molecular ion patterns

4) A description of the contaminant enrichment procedure used to
prepare samples for analysis

5) A description of the snalytical method

6) -Critetia for positive determination of 2,3,7, 8-TCDD and
determination of the lower limit of detectxon

7) A discussion of the specificity of the analyses and of the
potential for interference or false positive analyses

Sample History, Residue Levels, and Pertinent Data:

Four groups of whole fish were received by L. M. Smith (CNFRL, ACRU) from James
Whitley (Fish and Wildlife Research Center, Missouri Department of Conservationm,
Columbia, MO) on March 18, 1982. The <four samples were collected by US
Environmental Protection Agency personnel (Kansas City, KN) and subsequently
supplied to the Missouri Department of Conservation. One sample was divided into
edible (fillets) and non-edible portions and these analyzed separately.
Enrichment and analysis were performed on 50 gram aliquots of homogenates of the
sample composites. Table 1 documents sample descriptions and analytical results
for the determination of 2,3,7,8-TCDD in picograms per gram of tissue or
parts~per-trillion (pptr).

In Appendix I are included the mass fragmentograms and recomnstructed molecular
ion patterns generated in the analyses by high resolution gas chromatography
coupled with low resolution mass spectrometry using mu1t1p1e ion detection
(HRGC/LRMS~MID). In each set of data are included the total ion chromatogram (1),
selected ion scans for molecular ions of TCDDs (B), selected ion scans for the
13C~-TCDD marker (C), expanded scans of B and C used for peak integrations (D) and
(E), respectively, and the reconstructed molecular ion clusters for the native
TCDD contamination (F) and for the 13C-TCDD (G). The calculations of the
concentration of 2,3,7,8-TCDD are included on ion scans B. The calculation
involves determination of the ratio of the area of the TCDD residue relative to
that of the 13C-TCDD, normalized to the 50 pptr spike concentration and applying
a8 correction factor of 1.24. The correction factor 1is derived from a
determination of the integrated response of the 13C-TCDD internal standard
relative to that of a quantitative standard of 2,3,7,8-TCDD. Sample 15C is a




composite fish sample from the Spring River analyzed in December, 1981 for the U.
S. Environmental Agency, Kansas City, KN. and was included for comparison with
the currently analyzed samples.

pptr TCDD in sample = grea of TCDD x 50 pptr
area of 13C-TCDD 1.24

Table 1. Sample Description and TCDD Residue Concentratiomns.

Concentration pptr

2,3,7,8-TCDD
Description ACRU/CNFRL ¢§ (corrected)
SD 5004 (EPA)
seven smallmouth bass 22¢C 6.2
§D5008 (EPA)
nine largemouth bass
composite:
edible portion 23C 1.4
non-edible portion 24¢C 3.4
wvhole body
calculated sample mean - 2.5
SD5008 (EPA)
four shorthead redhorse 25¢C 1.1
§D5010 (EPA)
two shorthead redhorse
and one river redhorse 26C 0.8
Laboratory control - 0.0
(grass carp)
Procedure blank #1 —_— 0.0
Procedure blank #2 -— 0.0

Values for residue 1levels of 2,3,7,8-TCDD are corrected for recovery using the
isotopic dilution technique. The sample is spiked with 50 pptr 13C-2,3,7,8-TCDD
before processing. Comparison of the analytical response for native TCDD in the
sample with that observed for the 13C-TCDD serves to reduce quantitation errors
due to procedural variations. The molecular isotopic patterns were judged to be
consistent with a tetrachloro compound in all samples ansalyzed.

In appendix II, the results of confirmatory GC/MS analyses are given. These data




vere generated using a 50 meter OV-17 capillary column in place of the routinely
employed DB-5 column, The OV-17 column was provided by Dr. H. R. Buser, Swiss
Federal Research Station, Wadenswil, Switzerland, who has demonstrated the isomer
specific determination of 2,3,7,8-TCDD using HRGC. By comparison of the
retention time of all 22 TCDD isomers (provided by Dr. Buser) on the DB-5 and
OV-17 columns, we were able to develop a confirmatory method for 2,3,7,8-TCDD.

Contaminant Enrichment Procedure;

In Appendix III, the procedure used for sample processing and residue enrichment
is described.

Analvtic Procedu

Fifty gram samples were processed and reduced to a final analyte volume of 10
microliters. Four microliters of the analyte, equivalent to 20 grams sample, were
analyzed by HRGC/LRMS-MID. A Finnigan 4000 GC/MS with an INCOS data system fitted
with a 30 meter x 0.25 mm id DB-5 capillary column (J and W Scientific, Inc.) or
50 meter OV-17 column (Buser) was used to analyze the enriched samples. Helium
carrier gas at 10 psig and a temperature program from 150 C to 290 C were
employed in the analyses. The data were collected using a multiple ion detection
(MID) descriptor program to monitor only the nominal mass values corresponding to
the molecular ions of the TCDD isomers (m/z 320, 322, 324 and 326) and of the
isotopically enriched internal standard 13C-TCDD (m/z 332, 334, and 336). The
MID program scan range was set to scan each nominal mass in the range of -.6 amu
to +.4 amu (ie. m/z 319.4 to 320.4).

The analytical lower limit of detection was assigned by determining the smallest
amount of 2,3,7,8~TCDD necessary to meet the criteria (discussed below) for a
positive determination. The analysis of a 20 picogram injection satisfied the
criteria of signal-to—-noise, GC retention time, nominal molecular mass, and
marginally for Cl isotope patterns of the molecular ion. A positive response for
20 picograms of 2,3,7,8-TCDD corresponds to a lower limit of detection of 1.0
part-per-trillion (pptr) in the 20 gram equivalent aliquots that were analyzed in
this investigation. The methods lower limit of detection encompasses both the
analytical 1limits and the limits imposed by background interferences which are
routinely encountered in a processed sample. Analyses of a large number of
samples by the methods described herein demonstrate that the method lower limit
of detection is generally defined by the analytical lower limit of detection. In
other words the processed samples are usually sufficiently clean that
interference from other compounds are rarely encountered.

The <criteria used in this laboratory for the aesignment of a positive
determination of 2,3,7,8-TCDD are: '

1) a signal-to-noise ratio of 2.5,
2) the correct retention time relative to the isotopic labeled
13C~TCDD on two complementary HRGC columns (DB-5 and 0OV-17),




3) the correct nominal masses for the members of the molecular
cluster, and

4) the correct relative intensities for the first three members
of the molecular isotopic cluster.

The question of the possibility of false positive determinations for 2,3,7,8-TCDD
has been addressed in this laboratory. False positive determinations can arise
from specific types of interfering compounds; other TCDD isomers and other
polychlorinated aromatic compounds which can meet the amalytical criteria. There
are numerous candidates of both types of interfering compounds. The problems of
analytical interference £from other TCDD isomers have been largely eliminated by
use of two complimentary HRGC analyses discused above. Furthermore, previous
determination of 2,3,7,8-TCDD made in this laboratory have been confirmed both by
H. R. Buser using & Silar 10C column (1) and by R. K. Mitchum (National Center
for Toxicology, Jefferson, AK) using atmospheric pressure negative chemical
ionization MS (2). The latter technique provides an independent, isomer specific
confirmation for .2,3,7,8-TCDD. The problems associated with other classes of
specifically interfering compounds have been addressed by an evaluation in this
laboratory of the 1levels of interferences produced by seven families of
compounds which were judged as posing the greatest potential for causing a false
positive determination. The chemical families investigated were the following
polychlorinated compounds: biphenyls, naphthalenes, diphenyl ethers, methoxy
biphenyls, hydroxybiphenyls, methoxydiphenyl ethers, and hydroxydiphenyl ethers.
The concentrations of potential specific interferences in analyses for TCDDs were
shown to be reduced by a factor of at least 10,000.

The numerous components observed in the fragg¢mentogrems in addition to
2,3,7,8-TCDD were identified as procedural background characteristic of
hydrocarbons and not chlorinated compounds. These components were identified as
trace contaminants in the high purity solvents employed in the enrichment
procedure.

References:

1) H. R. Buser and C. Rappe, Analytical Chemistry, 52, 2257-2262 (1980).

2) R. K, Mitcbum, W. A. Korfmacher, G. F. Holar, and D, L. Stalling, Analytical
Chemistry, 54, 719-722 (1982).



APPENDIX 1



HID RIC + MASS CIOIBONATOGBAHS

04/04/82 16:16:0

DATA: TCDD1 81 SCANS 38U 1V vuvj
CALI: C040182B1 0I5 :

SAHPLE: 2UL BUSER 25+2345 HIX CONT 1237 & 1238 7 +2UL C13 TCDD 2?0?6

RANGE: G 1., 6060 LABEL: B 3, 2.0

QUAN: A 1. 5 BASE: U 4.
bu2

%)
. 1085430. . ¢
0.0 307 238 ' 1985430,
231+ t
. b,
120 _ l '> 319.500
327 . 326.500
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173568. '
16.0- 482176, 173568.
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337 336.500
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250112,
a 576576.
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10: 60 11:15 12:30 13:45 15:0p TINE-



- S

e, "™ MID RIC DATA: TCDDi 1 SCANS 386 T0O 600
' " 04/04/82 16:16:00 CALI: C049482B1 815
’ SAMPLE: 2UL BUSER 25+2345 MIX CONT 1237 & 1238 TCDD +2UL €13 TCDD 200PG
RANGE: G 1, 600 LABEL: N 0. 4.0 QUAN: A O.Sh BASE: U 286. 3

0.0 92 1386490. |

Ds
37 +1238 TP
ve!

RIC_

'3C - 20 3! 119 -TcebD

2100 450 Yoy 550 : 6o SCAN
10:00 11.15 : 12:70 CeAn 15:00 TIME




HID RIC DATA: LABSOL1 #1 SCAHS 300 TO GGI
04/06/82 13:07:60 CALI: C040682B 013

SAHPLE: 4UL LAB SOLYENTS USED IN ALUMIA PRO. 4-6 HID EI .
RANGE: G 1, 600 LABEL: H O. 4.6 QUAN: A O, ..0 BASE: U 20.5f§ :

196608.

0.0+
I
318
pic]
S'o(w/:t( chow V\C{N(\ lM("&
?w\-kew\ &P ke ohsecved
! ‘ In S«r(vj K\J‘M’ San
R Yul Mav-Pqu- (482
y J T LNt S A S A B I A S S R S L A SO A S S U A AL R A
300 350 400 450 500 550 620 SCAN
7:30 8245 10:00 11:15 12:30 13:45 15:00 TINE



HID RIC + HASS CHROMATOGRAMS DATA: SOLBL2 #1 SCANS 490 TO 510
04/04/82 15:41:00 CALI: C040482B1 15

SAHPLE: 4UL SOLY BLK SPRING R(3-20-E-4-4-82)18UL_VOL 50PPT MARK HI

RANGE: G 1. 600 LABEL: H 3. 2.0 QUAN: A 1, 1.0 BASE: U 4, 1

1.4~ . 10624,
0 _ D 319,500
27 326.500.
= ~ et T - = . - T = 562 —— = T _— = - = T
23936.

2.0~ 37376. :23936.
32 331.500

- 491
37 A 336.500

23936.

7.7 :20992.
RIC

490 Y " 505 51 SCAN

12 1% 12.97 17.70 ' 12.77 12:45 TIHE
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HID RIC + HASS CHBONATOGRANS DATA: SOLBL2 &1 SCANS 320 T0 629

04/04/82 15:41:00  Befor CALI: 0404821 #5
SAMPLE: 4UL SOLY BLK SPRING R(3-20-E-4-4-8 UL YOL 50PPT MARK HI
RANGE: G 1, 690 LADEL: N 0. 4.0 QUAN: A ©. = BASE: U20, 3
0.0- 276992.
.
20 _| 413 319.500
27 369 326.500
-

331.500
336.500

7 368

L 1 r L) v L] v T L L § v l LA L L T l ¥ L] L) L ' 1] L L | L)

—
350 400 459 560 550 6C3  SCAN
8:45 10:00 11: 15 12:30 13:45 15:08 THIE



MID RIC DATA: SOLBL2 #i1 SCAHS 320 T0 669

04/04/82 15:41:00 CALI: C940482B1 815
SAHPLE: 4UL SOLV BLX _ SPRING R(3-20-E-4-4-82) 10UL_VOL 50PPT MARK MI
BANGE: 6 1. 608 LABLL: "4’?3 4.0 QUAN: A ©. 1.0 BASE: U 28, 3

30.0- 339968.
I 511
4
587
448 ( 571
368
|{ : 592
‘ 413
RIC_| |
1
331
L ' ¥ L} v L] ' 1 4 v L] LS v_l'  J v v l v L] L) L] ' v L4 T L
359 400 450 500 550 Lwd SCAN
f. a5 10. 00 11. 18 12:20 13:45 15:00 TIHE
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- HID RIC + HASS CHRONATOGRANS DATA: SOLBL1 11501 SCAHS 499 T0 520
- 4/04/82 12:46:0 CALI: C040482B1 #5
: ANPLE: 4UL SOLVENT BLANK «~NEERMESMER. (3-20-G-4- 1) 16UL VOL HID EI 19
RANGE: 6 1, 600 LABEL: H 3. 2,0 QUAN: A 1, _ . BASE: U 4, 1

511
71936,
173184. 21906,
515
35840,
88192. 319.500
326.500
f 1 1 n ¥ 5; 2 T - - T
. 21120.
9.4~ - 6856. 21128,
132 | 331.500
137 _ 336.500
493
3840,
ﬂ i//,;llgggﬁ\\\\s\_ 4”////--\\\\/”~\\\
— = t - . U 5 11 — s e s ¥
71840,
8.8~ 180668. :71040,
' 515
- 45824,
127232,
RIC_|
502
494 lg?gl 17810.
i doa il 43026
. 13696, . |
 § ¥ L] l L] L] L L l L} L) l L ¥ ¥ T ' v 1] LS L4 l L] L g T l
490 495 509 505 510 515 520 SCAN

17. 1% 12:22 12:30 12:37 12:45 12:52 13:90 TIHE



HID RIC + MASS CHROMATOGRANS - DATA: SOLBL1 &1 SCANS 350 T0 669
04/04/82 12:46:00 CALI: C040482B1 115

SAHPLE: 4UL SOLVENT BLANK v~2NESRSNEN. (3-20-G-4-3-82) 10UL VOL HID EI 19

RANGE: ¢ 1, 600 !!.:AngL H 3, 2.0 QUAN: A 1, 1.0 DASE: U 4. 1

71130 {97393 | 71558
149920, ) 173184. 77696,

319.500
326.500

21120,

331.500
336.500

. R:45

$80384.

' 3%t SCAN
10-00 11:1%5 - 12.70 12.4%5 15:00 TINE




HID RIC
04/04/32 12:46

: 00
SANPLE: 4UL SOLVENT BLANK +-SRIRSENNEK.

DATA: SOLBL1 &1

CALI: Co40482B1 115

20—6-4 82) 10UL YOL MID El 19

SCANS 3% 1wv vuo

RANGE: G 1, 600 LABEL: § O, 4.0 QUAN: A ©. ..0 BASEj Ul 20 3
39,0 196608.
585
4
7 9 1
4 476
33;3
463
RIC_| a13
T
L § L] L 4 l T v '  § 1 | l L ‘r L | 3 v ] ‘-
350 450 450 560 550 620 SCAN
a7 ne 19 0 11: 15 12:30 13:45

15:00 TIHE
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° HID MASS SPECTRUM DATA: GRASSCARP 11562 BASE WE: 334
' 04/04/82 15:06:00 + 12:33 CALI: C840482B1 15 RIC: 1226759.
SAMPLE: 4UL GRASS CARP CONTROL 506G EQ IN 1QUL{3-31-E-4-4-82)HID EI S50PPT
1501 TO {564 AVERAGED - {505 TO 506 X1.01
.0 - 332 3’34 336 - 54464.

N -

350 2 334 336



HID RIC + HASS CldBOﬂATOGRAHS

DATA: GRASSCARP {11 SCANS 493 v Div

14/04/82 15:06 CALI: C940482B1 {15
AWPLE: 4UL GRASS CARP CONTROL 56G EQ IN 10UL(3-  -4-4-82)HID EI 50PPT
RANGE: G 1., 600 LABEL: N 3. 2.0 QUAN: A 1, BASE: U 4. 1
.9 :21888.
494 noise backgroand D
5o, 2pp 4
- g0, V° n
492 echmaked | 2557 bkl
20 9216. “ 319.500
27 22144. 326.500
9.0 2379770.
132 | 331.500
137 336.500
-
491 493
9472. 10752.
13024, 15616. _ _
0. 2- 2383870.
-1
RIC_
7 494
19200,
76288,
L 1) T T ] 1 3 ™ T T 1
490 495 510 SCAN
1ae 12:22 12:30 12:37

12:45 TINE



HID RIC + MASS CHROMATOGRAMS DATA: GRASSCARP {1501 SCANS 320 TO 669
04/04/82 15:06:00 C040482B1 15

CALI:
SAHPLE 4UL GRASS CARP CONTROL 506 EQ IN 16UL(3-31-E~4-4-82)HID EI gOPPT

RANGE: G 1, 600 LABEL: H ©., 4.0 QUAN: A ©. 1.8 BASE: U 20, :
12.1- 423 B 323584,
- 388
320 _ 319.500
307 414 326.500
353
00. 0 5;” 2682870.
P
- '36.1, 1 'marke(
[}o‘l"r
332 c 331.500
337 336.500
? ca6 550
g e 4w an 4o 2 ) /M=
85.8- 503 2838520,
RIC_
B 1 e sy 588
_[ T T T T T T T T T T T T T T ™ T T ™ T
350 400 450 500 550 bes  SCAN
15:00 TIHF

8:45 10.00 1115 12:20 13:45

-



HID RIC DATA: GRASSUAKY 31
94/84/82 15:06:09 CALI: C040482B§ 115
JAIIPLE: 4UL GRASS CARP CONTROL 50G EQ IN 1001(3- -4-4-82)MID EI S56PPT
RAMGE: G 1. 660 LABEL: N ©. 4.0 QUAN: 0. DASE: U 20, 3

DLAITY wav 1w -~

0.0+ ~ -8520.
|
RIC_
4
98
571
Y Y T T T Y T v T a! .
550 GCO SCAN

13:45 15:00 TINE

B e T T ——y



HID MASS SPECTRUM DATA: STD4 8501 BASE N/E: 322
04/03/82 12:28:00 + 12:31 CALI: C940382B #3 RIC: 7680.
SAMPLE: 2UL Ci2 & C13 2378 TCDD STD'7-14-81)16PG/UL HID EI 1900 MY
{1500 TO $503 AVERAGED - £496 TO nqsgé- 1506 iT0 4507 X1.01
’— 4
334
d
3?3
]
Ny -
D - 320
' 324
"
) 336
33
5
: 335
i 3 19 M0 | B N N

1520.



S MID RIC + IHASS CHROMATOGRANS DATA. ST i1 SUANS 299 1V vuo

04/03/82 12:28:60 CALI: (9403828 13
SAMPLE: 2UL C12 & C13 2378 TCDD STD'7-14-81) 1OPGA@R HID Ei 1900 EMV
BANGE: G 1, 600 LABEL: N 3. 2.0 ‘QUAN: A 1. W DASE: U 4. 1
- 7701,
0.0- lop0, ¢ nre 7760
1
20 | 319.500
127 326.500
B9.4- 6240.
: 331.500
AL 336.500
(14144

4149 469 480 500 520 540 560 580 630 SCAN
11.00 11:30 12:00 ©12:30 "13:00 13:30 14:60 14:30 15:00 TIHE

¢ e r————
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HID MASS SPECTRUM DATA: STDS #502 BASE WE: 322
04/03/82 15:42:00 + 12:33 CALI: C840382B I3 RIC: 584704.
SAMPLE: 4UL Ci12 & C13 STD 2378 TCDD(7-14-81)50PG/UL MID EI 19@@EHY
i501 TO 11503 AVERAGED - 1507 TO 1150% {1496 10 1497 X1.01
320 334
332
324
336
326
319 323 331 333 335
A M L s L B A o e TR o ARAAARALS anas aasas neaah faa s St S e
315 0 : K7 B.Jm 335

139008,



HID RIC + HASS CHROMATOGRAMS
%4/03/82 15:42:00
AIPLE: 4UL C12 & C13 STD 2378 TCDD(7-14-81)50PG,

DATA: STDS #1
CALI: C940382B 83
MID EI 1900EMY

SCANS 450 TO 559

RANGE: G 1., 600 LABEL: N 3. 2.8 QUAN: As 012. ».d DASE: U 4. 1
g2 o
B.0- . 989 02 458249,
g = 2%y
< 795y
i
20 319.500
27 7 326.500
i 493 511
2272. 7712.
. i rcqm. ) ﬂ; . i . . i .
L L] ml L} )
379904.
2.9- 799744, 379904.
4 C
32 131.500
=37J 336,500
’ 532
5088.
e 8 @ — e o —_;5_Q4. 0. . _
L] . [} l502 L ¥
696320,
2. 6- 19? 0. 696329.
.J .
BIC,
i 511 532
9152. 6016.
. = 2 e 091521. . L [ . 6016.1 . : s
l N ' 2 ' T ) i N
460 480 500 520 540 " SCAN
11:39 12:60 12:30 1300 13:30 TINE



. HID HASS SPECTRUM DATA: 26C 8502 BASE WE: 334
04/03/82 14:58:00 + 12:33 CALI: C040382B #3 RIC:  1937409.
SAMPLE: 4UL SAMPLE 26C(3-26-6~4-3-82)10UL VOL. 56PPT MAKK HID EI SPRING
1501 TO 504 AVERAGED - £496 TO 2497 X1.01
0- 32 3 336

- 320 3?2
ol ' 4
6
321 323 ‘
; TTTTYTrrT. 'v'v""va"'vjvvrTr'v'v"'v3v!vgvrr vvvv?vvvv vav?ivvv'vIv.. I RARERLS LRSS LA RLS RAS AN AL RANAS BA SN B S ""1"" v
/v , 315 320 . v 20 35




HID RIC + MASS CHROMATOGRAMHS DATA: 26C 8509 SCANS 490 TO 598
~4/03/82 14:58:00 CALI: C040332B #3

AMPLE: 4UL SAHPLE 26C(3-26-6—4-3-82)16UL VOL. 56 JARK HID EI SPRING
BANGE: G 1. 600 LABEL: i 3, 2.0 QUAN: A 1, 1.. BDASE: U5 4. 1

02
B e 2
. —
- ' z 102 ,@xa,o,;q
1>y
- 319.500
7 326.500
494
i 11392.
/,_____,-’/32256.\ |
- e
* ’l
o- 6832120. LAy 33 2043320,
. ) 2 99,9v
- ALY [‘rl'” "V./Y‘J
2 331.500
7 336.500
506
i 512000.
1126650.
B T sl - -
3047420.
" l_. 690 900- 3047120.
1C|
586
i 506368.
492 494 16967¢0..
8704, 13824,
23016, 21760, ' ' ' . ' .
490 495 500 505 SCAN
12: 15 12:22 12:30 12:27 TIME



HID RIC + MASS CHROMATOGRAMS DATA: 26C &1 SCANS 300 TO 609
04/03/82 14:58:00 CALI: C040382B 83

SAMPLE: 4UL SAMPLE 26C(3-26-G—4-3-82)16UL VOL. 50PPT MARK MID EI SPRING

RANGE: 6 1. 600 LADEL: H O. 4.0 QUAN: A ©, 1.8 DASE: U 20, 3

4 510 1312760.

.J
i B 319.500
7 326,500

9 554 e 586
3429150,

d - C
2 _| 331.500
7 336,500

?—l—g v Q v y y ¥ ;. .='—|_="1-—"'2.22 Y - ‘.'3457. x .4§ J. u\ﬁ. x 5.71ﬁ535. 1
.6+ 501 3575500,
IC_| 510
532 544 577

300 3|0 400 " 450 " se8 550 620 SCAN

- 7.30 f!:45 l"‘ on t1.15 172.20 13:45 15:00 TINE



T HID RIC DATA: 26C @it SCANS 300 T0 663
04/03/82 14:58:00 CALI: C040382B #13
SAHPLE: 4UL SAMPLE 26C(3-26~6-4-3-82)16UL VOL. ! T MARK MID EI SPRING
RANGE: 6 1. 600 LABEL: I O, 4.0 QUAN: A 0, ..0 BASE: 052?.

00.0- ? a,f 3575800,

v

-
.,
.

RIC_ - $

1
550 600 SCAN
13:45 15:00 TIME



HID MASS SPECTRUH ' DATA: 25C 11503 BASE WE: 334
04/04/82 13:19:00 + 12:34 CALI: C040482B1 85 RIC: 1034249.
SAHPLE: 4UL SANPLE 25C(3-31-G-4-3-82)16UL YOL 56PPT MARK MID EI

#1502 TO U565 AVERAGED - {506 TO 0507 - 1497 .10 #498 X1.01

332 31?4 336

3*9 323

SATTLY L AAN AAAAS RAAAS RARASRAARARAS RS RAANE REARY RAANY LAS A

Ll DAAAAN RAAAR RIS AN BA -"-1r"r'1' MRS A vrvav—'--

T :
315 320 : 325 3 335



HID RIC + HASS CHRONATOGBAHS DATA: 25C #1 SCANS 499 T0 510
04/84/82 13:19:0 CALl: C040482B1 5

SANPLE: 4UL SAHPLE 25C(3-31-6-4-3-82) 10UL YOL 50PPT MARK HID EI

RANGE: G 1. 600 LABEL: H 3. 2.0 QUAN: A 1. 1.0 ASE.533 4, 1

49536,
.8 114560. 0 »49536.
e oo ¥
7] . TPl = ———-—-———'" / / 3 v
0| 319.500
7 D 326.500
0 1779710.
2 _ 331.500
7 336.500
L] 562 ‘; L)
. 1777669.
’. 9_ 4 166 140 . lmsso .
1C_
i 507
: 495 138752,
9472, 286208.
. 30680, i -
¥ L) T | L] L] L ] ‘ v L 4 L4 " L L LS L j i
490 ) 495 560 505 518 SCAN

12:15 12:22 12:30 12:37 12:45 TINE



HID RIC + MASS CHROMATOGRAMS DATA: 25C 01 SCANS 320 T0 693
94/04/82 13:19:00 CALI: C040482B1 15
AMPLE: 4UL SAHPLE 25C(3-31-G—4-3-82)16UL VOL 56  1ARK MID EI
BANGE: G 1. 600 LABEL: N 3, 2.0 QUAH: A 1., 1.0 BDASE: U 541.1 1
203776.
.4 o 0208 8 203776.
154624, " ¢
N 388 299209. a*
119808,
230240.
0 _ 369 453 319.500
7 67209, 66880. 326.500
140992. 114304.
' ' ' 502
1779718.
X 4210, | 1779710.
h o
[/
;| 4 21
37 3 336,500
¥ ¥ .
- Jy 545
388 423 452 572
3392, 8768. 4800. . . SN2 16512,
— : 8224, 30729, 10948_° -— A A 210032050 1 0
| ¥ L] 502 L] L)
1777660.
9.9 “T‘“’- 1777660.
RIC,|
i 123
‘ 369 453 . 515 585
67584. 5?4333: 70656. 11 . 71936, 2489,
— . : . '159316-:l A':\.. ';L';\_Lr '#L . 11%3916':_ : l.\‘- es ml]\'\; 'A %7[3::‘:?: --lo ;?8/2;29.- .
350 400 459 560 550 658  SCAN
R 4% 10:00 11:15 12:38 13:45 15:00 TIME



MID RIC DATA: 25C #1 SCANS 310 T0 669
04/04/82 13:19:00 CALI: CB40482B1 15
SAMPLE: 4UL SAMPLE 25C(3-31-6-4-3-82) 16UL VOL S6PPT MARK HID EI
RANGE: G 1, 600 LABEL: H 8. 4.0 QUAN: A ©. 1.0 BASE: Y 20. 3 _
2125820,
RIC_
] 512
5
578
L L] L l L) L] L] L
550 Lo  SCAH

13:45 15:00 TIHE



: HID HASS SPECTRUM DATA: 24C #1502 BASE IW/E: 334
- 04/03/82 14:12:00 + 12:33 CALI: C040382B i3 RIC: 1189880.
SAHPLE: 4UL SAMPLE 24C(3-20-G-4-3-82) 16UL VOL. T MARK MID EI SPRING
1501 TO 504 AVERAGED - {i506 TO #1507 - 11496 0 .. .47 X1.01

10.8 | = I < Jporensy
1 -
322
] ( Y :
Heai)
i 320 i
o |
5.0- [~
] 34
i
!
i
!
] 6 I
319 | 3 | 3

e
W/F 315 320 : 325 330 - 335



HID RIC + NASS CHROHMATOGRAIS DATA: 24C i1 SCANS 499 T0 510
04/03/82 14:12:00 CALI: C040382B #3

SAHPLE: 4UL SAI‘IPLE 24C(3-20-6-4-3-82) 1QUL YOL. 50PPT MARK MID EI SPRING

RANGE: G 1, 600 LABEL: H 3. 2.6 QUAN: A 1. 1.0 5%A2$E. U 4, 1

156928. (s 1, 173,334
2. N gmeer.  —— 156928
1 7765910 S ppr )

L L} 02 L] L
1828860,
4465910, 9965,910 NICE Py jonnace
7997y 2o
492 495
5632, 4736.
11456. ___4736,
1976310.
493
5440
-r— T T T T Y T T T 1
495 516 SCAN

12:22 12:30 12:37 12:45 TIHE



MID RIC + MASS CHROMATOGRAMS DATA: 24C &1 SCANS 320 TO 609

04/03/82 14:12:00 _ CALI: C340382B i3 .
SAINPLE: 4UL SAMPLE 24C(3-20-G-4-3-82)16UL YOL. 5 HARK MID EI SPRING

RANGE: 6 1, 6086 LABEL: H 0. 4.0 QUAN: A ©, ..0 BASE: U290, 3

1.2- 511 1619000, _
—1
20 _| 319.500
27 326.590
i 4 502
268 387 a3 o1 A 2 476 \ K 540 554 577
333 3 H
9.0 '5?2 1992700,
32 | C’ 131.500
137 336.560
544
333 5 405 483 437 469 487 J k—\___5:@_/\ 571 5%
2.6~ - T 2244600.
RIC_ 511
387 : 452 476 5 584
333 95y 368 413 N_ 434 497
14 T '—"'I—' T T T T T T T 14 L] T ™ ¥ T T T — L g T T T T T T R ]
350 460 450 500 550 623 SCAN

R.a5 10.60 11:15 12:30 13:45 15:90 TIUE



.’ HID RIC DATA: 24C i1 SCANS 310 TO 692
.- 04/03/82 14:12:00 CALI: (C040382B 013 ,
SAHPLE: 4UL SAMPLE 24C(3-20-6-4-3-82)16UL VOL. 50PPT MARK HID EI SPRING
RANGE: G 1, 660 LABEL: N 9. 4.0 QUAN: A ©. 1.0 DASE: gﬁ%? 3

). 0+ 2244600,

RIC.

—

554 534

T 1
550 6% SCAN
8:4% 10.00 11:15 12:30 13:45 - 15:00 "IHE



LA T Bt

HID HASS SPECTRUM DATA: 23C #5092 BASE WE: 334
94/03/82 13:04:00 + 12:33 CALI: C040382B #3 RIC: 1081340.
JAMPLE: 4UL SAMPLE 23C(3-20-E-4-3-82)16UL VOL 50" MARK HID EI SPRING R
{i501 TO 6504 AYERAGED - #1506 TO 0507 — £494 0 » . X1.01

: 23?2 334 336

39 | 3 | P | 3

lﬁ'V—IT'Tl]'I"'I'ITl'T'I'""'r""r'ﬁi"l'T'! LS LA N T'rrlvwvvivuv'l-uv—flw"'—'vvvv"vvv'l'v LAR BAARE RARRS B A 'r1111rv—r

- ag
315 320 : 325 330 335




HID RIC + HASS CHRONATOGRAHS
04/03/82 13:04:0

DATA: 23C 11429
CALI: C040382B #3

SAMPLE: 4UL SANPI.F. 23C(3-20-E-4-3-82) 16UL VOL 5@PPT HARK NIDUEI“SPB{NG R

SCANS 496 T0 515

RANGE: G 1. 600 LABEL: H 3, 2.0 QUAH: A 1. 1.0 BASE 511
vy %
(fo)) 19013 gat. A 29175759522.
5.2~ yoyqy20 SOFF . £97792.
- D . e
. 3
141184, (.9 ee
20 _ 319,500
27 326.500
4194
n 11008.
."//_2-640.\ :
- = - ¥ - 562 ¥ -~ - -t = - - = 1)
1875960, Y099320
9.0~ 4099320. __,f__,_’___ = 1025 5[5 ¢c3 1875
1350yy 05 oy ——""‘Q‘!
32 | 331.500
37 336.500
T - 5é2 T T - _— ¥
1914870.
2.1+ 4180110. 1914870.
RIC_
'J : . 511
139336 89600
3713, - 180736
v T T T Y ) T T 11 T g T r— T Y | ™ Y .
490 4195 509 505 510 515 SCAN
I'):IS 9.7 2.0 12:37 12:45 12:52 TIHE




HID RIC + HASS CHPOHATOGIMHS ' DATA: 23C #}1 SCANS 390 TO 632
14/03/82 13:04:00 CALI: C049382B 83

JAMPLE: 4UL SAIPLE 23C(3-206-E-4-3-82)16UL VOL 581  HARK HID EI SPRING R

RANGE: G 1, 660 LABEL: H 3, ‘2'.0 QUAN: A 1, 1.0 BASE: U 4. 1

. 22
155136.
B.3- 327360. _ 1551386.

511
452 | 111104.
10163% 276480.

502
1875960.
9.0 4099320, 1875969,
- .. < :
32 _ g 331.500
] 331 ) 424 152 553 584
2864. 8128. 6272. l 15488. 17408..
10147, 5, » 29084 246256, c r veet et te f N St 30464, - - - 34618:c -
' 502 T '
1914870.
2. 14 4186110, 1914870.
RIC_ ‘ \
- 122 452
331 368 158464. 554 . 584
61952, . 33503, 106880, 39424, 38469,
253331722 119424. . JIB2. (61920, - * e 4« v 138752, « 133389.
300 350 400 450 500 550 GCB  SCAN

7.0 R:45 16:00 -11:15 12:30 13:45 15:90 TIME



SCANS 300 T0 6337 "~ - .

v HID RIC DATA: 23C it

04/03/82 13:04: CALI: C040382B #13
SAHPLE: 4UL SANPLE 23C(3-20~F-4-3-82)10UL YOL 50PPT MARK NID EI SPRING R

RANGE: G 1, 660 LABEL: N O, 4.0 QUAN: A O, 1.0 BASE: US%% 3 T
2179070.

(-~
)
Pom

.= dea
freem

¥
1
511
524 579 585
315
¥ T Y T T T T T T T
360 »50 G"b SCAN

13:45 15: 08 TINE

7.0



14.3 -

7.1

HID MASS SPECTRUM

04/04/82 14:30:00 + 12:33

SAHPLE: 3UL SAIPLE 22C(3-26-E-4-3-82)18UL VOL &
{1561 TO 1564 AVERAGED - #1495 TO #1498 — #524 10

319 321 - 323

DATA: 22C1 8502
CALI: C040482B1 15
HARK t1ID EI :
6 X1.01
332

G

X

Z

BASE WE: 334
621568.

RIC:

334

| 3

336

- 34368.

H/F

LANLE SR RN B

315 320

'l"j'l""—l"j'T' A | v T I RAARS RARSS IS N r—r'v'v—‘vflv—r11|11'v—'111

o e Mastieast e

vrv-[ﬁ‘-

335



HID BIC + HASS CHBOHATOGBAHS DATA: 22C1 81 SCAHS 490 TO 510
04/04/82 14:30:00 : CALI: C040482B1 85

SAMPLE: 3UL SANPLE 22C(3-26-E~4-3~82)16UL VOL 50PPT HMARK HID El

RANGE: 6 1, 660 LADEL: i 3, 2.0 QUAH: A 1. 1.0 BASE=583 4, 1

130816.
28

130816
R 1%3 _,_5._—— - 2 r )
% sremp) = *-5‘—;‘5‘ . 124 b. VF‘

. M—— — e S
L] LJ 502 L L
- 830464.
0 | 1857160. 836464.
2 | 331.500
7 336.500
. 507

5. _ SCAN
12:45 TINHE




HID RIC + MASS CHBONATOGRAHS DATA: 22C1 #1 SCANS 350 T0O 6%9
04/04/82 14:39:0 ' CALl: C040482B1 15

SAIPLE: 3UL SAHPLE 22C(3~26-E~4-3-82) 10UL YOL 5@ MARK HID EI

RANGE: 6 1, 600 LABEL: H 3. 2.0 QUAN: A 1, ..4 5ASE Uu 4. 1

o 130816.
334 . /I/ '?-c_ 2,318 -TCDD (na‘hw:)
| 89344,
168416.
369
20 | 55488, B B 319.500
27 167136. . 326.500
0.0+ ( 830464.
-
<2 3 331.500
37 336.50
7 487 533
303 2 571
34304. 22336
3392. 3712. . . 4480,
o agtl. _ iised, - SHI6. L\; »oc 9984 - 18240,  °
| R v 502 L] LI
862208,
3.8 204:‘900. 862208
BIC|
369 114921?63 ¢
- 448 487
ggggg : 230656.  :34483. 36, ||, s, ,???6
| /\ ‘A .o :6}@0 . rJ\js.};@'o. [Aﬁ
350 400 450 560 550 , 620 SCAN
R:45 10:00 11:15 12:30 13:45 15:00 TIHE



IC

HID RIC DATA: 22C1 111
04/04/82 14:30:00 CALI: CO40482B1 15
SAMPLE: 3UL SAMPLE 22C(3-26-E-4-3-82)16UL VOL S50PPT MARK HID EI

RANGE: G 1, 608 LABEL: N 8. 4.0 QUAN: A 0. 1.0 ?’A%E U2 3

B= backsroun

A Lo ennchmeﬂ+ ProceJurc l

SCANS 359 T0 623

1071100.

(lS see[dwiston .

13:45

6vw  SCAN
15:00 TIHE



18
1D RIC A B3

. /04/82 16:41:00

-AHPLE: 2UL BUSER 245+236 MIX CONT TCDD ISOMERS + .

DATA: TCDD2 &

CAL1: C040482B1 015

. C13_TCDD 200PG

SCANS 386 T0O 600

RANGE: G 1, 600 LABEL: H{ 0. 4.0 QUAN: A 0. 1.0 DASE: U 20, 3
B : 438 5201910,
487 12,63
'.4.7.%\ /
"q_' 6,1 /2'3,7'8 "'TCDD
480
C.
|lz'-"%
510
ﬁ ,/,///”/ 26T
12,84
1,3, :
M 525
a8 | \
389 398 412 427 4155 578 594
| J T T T L T T v T T Lo T Lo ¥ v v LB 1
M0 150 590 .§50 6C8 SCAH

i . AR TTuw



P AL
HID RIC + HASS CHROMATOGRAMS eL DATA: TCDD2 #i1 SCANS 380 T0 633
04/64/82 16:41:00 CALI: C040482B1 05

SAMPLE: 2UL BUSER 245+236 HIX CONT TCDD ISOMERS + 2UL Ci3 TCDD 200PG

RAMGE: G 1, 600 LABEL: H ©. 4.0 QUAN: A ©, 1.0 BASE: U 20, 3
0.0- 438 . 5177340.
‘T ’p‘
7] af
o
2 450 R 319.500
27 y 326.500
4510
o U
. e B N N N\ e
7.0- BﬁB ' 361984.
3¢ -2,3,1,8-TcoD
- _— _

132 _ C 331.500
137 336.500
| a2 4y 450 469 4% 499 521 3 9. D88
9.5 198 5201910,

‘T
RIC_| 490 A
510
i
5
468 U 578 04
389' . I; 112 ¥ 42.,' Lf ths:é_r Y — ] L T ¥ T T =7 ¥ = L 15\
400 450 500 559 629 SCAN

-~ -

1. AN TIMe



. “ID RIC + HASS CHROMATOGRANS

o 1/04/82 16:41:00

DATA: TCDD2 &1
CALI: C040482B1 05

SAMPLE: 2UL BUSER 245+236 MIX CONT TCDD ISOMERS + . C13 TCDD 280PG
RANGE: 6 1, 600 LABEL: H 3. 2.0 QUAN: A ‘11581.0 BASE: U 4., 1

SCAHS 450 TU %49

487 £ 194600
4263039, .
-8 10033100. 1710390.
- 480 D
i
0 - 319.500
7 . 15%350. 326.560
3 3p%0.
-t 468 . > > 525
39776, 4712032, _ _ . ool _
316928.
3D E 331.509
37 336.500
3264,
12288, — . / . i : .
| L) 4 L] 1 L 3
437 4661249.
19.0- 260008 16952700. 4661240,
- 430
2565190
me, 5862030, 1o
1535990,
3737590,
- 468 . 525
199424, \/\ . :241408.
. : 492732 ] | ' ' *570880. |
460 420 500 520 549  SCAN
. e nn 172.70 13:00

13:30 TINE



APPENDIX II1



HID RIC DATA: TSTD2 ¥
04/13/82 11:08:00 CALI: C041282B 83
SAHPLE: 200PG C13 2378 TCBD + 232PG C12 2378 TCD. .. MID OV17

RANGE: 6 1.1640 LABEL: H ©, 4.0 QUAN: A 0. 1.0 Bés,;-:: U2. 3

SCAllS 8ee 10 1040

).0-
12¢ -237% ~TCDD
3¢ -2319-TebD
1C_
1009
825 1 9 9%
L2 1 J ] L4 1 4 T T ' ) § T T LS T L N ' L
800 859 900 953 1030

196352.

rSCAN



.8+

RIC

HID RIC + MASS CllBOIIATOGRAHS DATA: TSTD2 0 SCAHS 800 TO 1019
04/13/82 11:08:0 CALI: CO11282B %3

SAMPLE: 260rG 013 2378 TCDD + 232PG C12 2378 TCDD El ﬂlll ov17

RANGE: 6 1.1040 LABEL: N 3. 2.0 QUAH: A 1, 1.0 ngg Uu 4. 1

45312,
196400, " +45312.

1% 2378 ~TecbdD

B

31808.

8'\0

70144,
290816. 70144,

825 983
4224, 5504 3648

ﬁ 219. ‘5§72 | M! 11584. - : — :

950 1000 SCAN,



MID RIC
14/13/82

RAHGE: G

RIC_

8:16:00

¢ -2,3,8-TCDD

DATA: OVI7Z1252345 &1
CALI: C041202B #13
SAMPLE: 2UL BUSER MIX 25+2345(1237/8)TCDD + 200P, _478TCDD HMID EI OVi7
1,1040 LABEL: H 0, 4.0 QUAN: A 0. 1.0 BASE:QUh

SCAMS 800 TO 1049

l.2.3,7 + 12,39 -TCDbs

1013 1026

ann

a50

532480.

SCAN

v



* HID RIC + HASS CHROMATOGRAIS DATA: OVI711252345 ®#1 SCANS 800 TO 10649
04/13/82 8:16:00 CALI: Ce41282B i3
SAHPLE: 2UL BUSER MIX 25+2345(1237/8)TCDD + 200PG 2378TCDD MID EI 0V17
RANGE: 6 11,1040 LABEL: H ©. 4.0 QUAN: A O, 1.6 DASE: 9U620. 3

00. 0- 491529,
1237 + 1236-T<DP#

ﬂ
320 _| 319.500
397 326.500

i o8

878 903 945 2 1013

21.8- 107392,

.
332 _ 331.500
337 -500

810 842 872 2892 9
08.3- . 9 532480,
BIC_
840 944
7 993 985
810 866 8ﬁ~__/\_m__j\j 999 1013 1026 _
L) L J | J  J l L L J L ol L & " l | L § L] ' ) L ¥ L ‘ N 2 v N )
800 850 900 950 1000 SCAN

YA As se= AN An Lo W | 4 L. ON TIHFR



HID RIC + HASS CIlRONATOGRAHS
04/13/82 8:16:0

SAHMPLE: 2UL BUSER HIX 25+2345(1237/8)TCDD + 2.

DATA: QV1IZA252345 Bt
CALI: C041282B 3
s 2378TCDD HID EI OY{17

SCANS 800 TO 1040

RANGE: 6 1.1049 LABEL: 1 3. 2.0 QUAN: A 1. 1.0 msn:sgs 4, 1
- ' 361984, .
) ea. 0—, 128 790. 31984.
- 1237+ 123% - TDDs
320 | 319.500
327 326.500
i 819 .
30080. 857 885 923
97472. 2496, 6912. 3776. , /\ 1144,
1136 - 24256. 5508, o~ ) | 8. —
' 944 N
57984
- 13¢.-2317¢- TCDD
332 _ 331.500
337 336.500
- 842 874 996
3104, 2264. 2044,
11840 3264 LN ] ! 9248' [ (X ]
' o " 956 — '
363520,
100, 4- 123?270. —
i
RIC_
- 819 .
31104, 285 . . 985
96640, 8064, . 13824.
Y 12008, A _ [ /\ . 55 L
-1 T T T T 4 * Y T Y 1 T ™ - —y T Y T ) -
800 850 " 900 a50 1000 SCAN

AN An

" Ar AT . NN



HID RIC
04/12/82 15:37:00

DATA: 22CA 81
CALI: C041282B 13

SANPLE: 303 OF SAMPLE 22C(3-26-E-4-3-82)156 EQ MID EI 0V17

SCANS 8C0 TO 1049

RANGE: G 1,1040 LABEL: N ©. 4.0 QUAN: A ©, 1.0 BASE: U 20, 3
19. 8- 913 437769.
22.C on OV-1]
RIC_
818 '
- 874 916
932
1 831 g 884 102
v 1 1 § , ¥ ¥ r L LJ r L | v
800 850 950 1000 SCAN °

N an TrME



DATA: 22CA 81

HID RIC + HASS CHROMATOGRAMS
0 CALI: C041282B 13

04/12/82 15:37:0

SAMPLE: 30 OF SAHPLE 220(3-26—1-:—4—3—82) 156 EQ HID EI OV17
1.0 QBIXSE U2, 3

RANGE: G  1.1640 LABEL: 6. 4.6 QUAN: A O,

SCANS 8CO TO 1049

-
8.6- 9‘H2 .
2 _
37
-
8 ) 915 ! 981 1009 028
. I 943
RIC|
996
4 88 e e sge__ o0 M8 9 1028
T ¥ i [ T LA L 1 L] L L L] ' | L4 ¥ L l L L] AJ
~nn acn 1000

347136.

331.508
336.500



- HID RIC + MASS CHRONATOGRANS

01/12/82 15:37:

DATA: 22CA Ui SCANS 8¢8 TO 1640

CALI: C041282B U3

SANPLE: 392 OF SAN?I.E 22C(3-26-E-4-3-82) 156 E0 HID EI 0V17

BARGE: G 1.1040 LABELY H 3. 2.0 GUAN: A 1. 1.0 BASE: U 4. 1
44500,
7.8+ 153168. b"\’?k +44809.
320 818 916
327 7 15040. 15040.
45184, 42624,
i 837
3328.
12288. o® * :
50. 0~
J
332 | 331.500
337 336.500
i 850 his 9 991 1028
2923. 43704. . \ 4096. 3520.
SR i3z, = R e A LN e - 13824 e o 3500,
B L § 943 v
277504.
05.2- 1609400. 277504.
N
RIC_
- 818 875 916 o0
17792. &1 14592 15232 26249.
T e, 15966, 55168. 49792, - . T
-*—
800 859 900 950 1000 SCAN
- AR An AN A 5. AN TINE



MID HASS SPECTRUM

DATA: 22CA 01943

BASE M/E: 334

4/12/3> 15:37:00 + 23:34 CALL, 0412828 13 RIC:  216576.
SAMPLE: 307 OF SAHPLE 22C(3-26-E-4-3-82)156 EQ MI. I OVI7
1941 10 ;046 AVERAGED - 1937 T0 11939 X1.01
3P B’ 3B
3
30
304
|
|
i
6
33 3B
319 | |

115968.



HID RIC DATA: 23COV17 # SCANS 809 T0 1649
04/13/82 9:54:00 CALI: C041282B U3

SAMPLE: 602 SANPLE 23C SPRING R.(3-20-E-4-3-82)30G EQ HID 0V17

RAHUGE: 6 1,1049 LABEL: N 0. 4.0 QUAN: A O. l.%«;MSE: V29, 3

). 0~ 959488.

RIC

995
815 913 . 1030
835 848 878 926 3 984 1008
L4 LS LS 1 l' L] L L] L] [ L] Ll v r L L v v ' L) LE B
200 850 909 950 1630 SCAN

~A An N A5 25:00 "NE i



13.9-

320 _|
327

815

HID RIC + HASS CHROMATOGRAMS
04/13/82 9:54:60

SAHPLE: 602 SAIPLE 23C SPRING R.(3-20-E-4-3-82,
1.1040 LABEL: H B. 4.0 QUAH: A O,

RANGE: G

913

DATA: 23COV17 #1
CALI: Co41282B #3
s EQ HID OV17
1.6 DBASE: U 20. 3

942

SCAHS 808 TO 1042

29. 0~ svro
12 C./
337
818 835 @53 865 882 j L 967 986 1007 1031
09.8- T
J
n107
815 835 818 867 978 93 9% / L 967 984 1008 1030
M4 L v l L) L 4 R o L l L] L) L T 1) 1
00 250 950

121088,

319.500
326.500

873472.

331.500
336.500

959488.

SCAN

TIMT



“ID RIC + }MASS CHROMATOGRAMS DATA: 23COV17 #1 SCANS 8¢9 TO 1919
1713782 9:54:09 CALI: C841282B {13

SAMPLE: 6037 SAIPLE 23C SPRING R.(3-20-E-4-3-82)30L _. MID OV17

RANGE: G 1,1640 LABEL: H 3. 2.0 QUAN: A 1, 1.8 DBASE: U 4. 1

995
45568.
7_ 143 leq . . ﬂm.
32896
> 913
4 101632. e
N 319.500
, 326.500
N
677888.
o- 2688950, —
| 31.500
; 336.500
7 835 873 986
8448. 5645. 5861.
—iam c:‘l79295l . . -05645:1 . rl .':7 . o; . _-:o _ lc-- . fsq‘a_g-. . . _:_: -nﬁ ':
v LI 940 T i
748544.
4 254*560. 748544.
-
C|
4 s 013 995
32334, RAIA 29656. pace.
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HID HASS SPECTRUN DATA: 23COV17 8942 BASE WE: 334
04/13/82 9:54:60 + 23:33 CALI: C041282B {13 RIC: 436224.
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HID RIC DATA: 15CA 1 SCANS 680 TO 1049
04/12/82 14:40:00 CAl.l Co41282B 83

SAIIPLE: 4UL 15C SPRING R. MO.(12-16-81)15UL YOL . EI OV17
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HID RIC + HASS CHROMATOGRAMS DATA: 15CA &1 SCANS 689 TO 104D
04/12/82 14:40:60 CALI: €041282B #3

SAMPLE: 4UL 15C SPRING R. MD.(12-10-81)15UL YOL MID EI OVi7
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HID RIC + MASS CUROMATOGRAIS DATA: 15CA i1 SCAlIS 680 TO 1C2)
. 04/12/82 14:40:C0 CALI: C041282B #3
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HMID HASS SPECTRUM DATA: 15CA #9409 BASE WE: 334
04/12/82 14:40:00 + 23:38 CALI: C041282B 83 RIC: 347648.
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Procedure the Isolation of Polychlorcgenzofurans
and Dioxins in Fish and Other TisSUes.

19 Dec. 1980
LAWRENCE M. SMITH
Columbia National Fisheries
Research Laboratory USF&WS
Columbia, MO. 65201
314-442-2271 x3201

FTS 276-320)

Experimental

Synopsis: The tissue sample is processed in a two part procedure. In part I,
the sacple, in mixture with sodium sulfate, is subjected to solvent extraction
and the extract is, in the same process, passed through a series of silica-based
adsorbents and then through a carbon/glass fiber adsorbent. The extract passes
thrpugh the siliéa—baseQ adsorbents in the following order: potassium silicate,
silica gel, cesium silicate, and lastly silica gel. The residues of interest
(PCDFs, PCDDs, specific PCB isomers, PCNs, as well as other chemical classes such
as PNAHs) will be retained on the carbon adsorbent and are subsequently recovered
by reverse elution with toluene. In part II of the procedure, following a

change of solvent to hexane the sample is applied to a second series of adsorb-
ents contained in two columns. The first column contains small amounts of cesium
silicate and sulfuric acid-impregnated silica gel. The effluent from this colum
flows directly onto the second columm containing activated alumina on which the
final fractionation of several classes of residues is accomplished. Following

reduction of sample volume, gc/ec and ge/ms analyses are carried out.

Detailed Description:

Part I. The tissue sample (preferable a 3 to 5 fish composite) is cut into
small pieces and ground with a meat grinder. One hundred grams of the ground
tissue is mixed with 400 grams of anhydrous sodium sulfate which has been heated

at SOGPC for 6 to 12 hours. The tissue and sodium sulfate are mixed with a



spoon in a large'enOugh container (glass or ceramic evaborating dishes, for
example) that the mixture can be spread to s deptﬁ of less than one inch. This
is necessary so that when the mass solidifies, it can be broken up without undo
difficulty. The mixture is spread out, covered with washed aluminum foil, and
allowed to sit overnight. The caked mass is broken up and reduced to a free-

" flowing powder using a blender.

The first column (column {1, 3.to 5 cm ID and 3 to 4 feet in length) in
part I of the process is packed in the following manner: one or two discs of
glass microfiber filter [ whatman GF/D or similar material (filter discs are
superior to glass wool in this step due to the excessive amount of air trapped
in the latter.)], 2 cm depth of anhydrous sodium sulfate, 30 grams of silica
gel (Malli;ckrodt Silicar CC7, prewashed and activated'overnight at 130°C), 30
grams of potassium silicate (silica gél treated with potassium Aydroxide,acti—
vated at 130°C as described below), 500 grams of the tissue/sodium sulfate (1/4)
mixture, and lastly 2 cm depth of anhydrous éodium sulfate. This columm and the
two columns following are connected by means of teflon tubing (1/16 or 1/8 inch
6D using the corresponding tube end fittings from Alltech Assoc. or Rainin Instr.

Co.) and a valving system schematized below. The valving system is constructed

to permit. the following operations to be performed in part I of the process:
venting of the solvent line from the column containing the sample and adsorbents
(columm #1), venting of the solvent r;servoir, bypass of the cesium silicate/
silica gel column (column #2), delivery of the effluent from column #1 to column
#2 and the carbon/glass fibers colummn (column #3), delivery of solvent from the
reservoir to columns #2 and #3 or column f#3 only, reversal of solvent flow in
colurns #2 and #3, and stoppage of solvent flow in all lines. The solvent
reservoir is fitted with a ground glass joint so that gas pressure can be app}ied._,
Column #2 (22 mm ID x 100 mm Ace Glass Michel-Miller pre-column #5796-34) is

packed with equal volumns of cesium silicate and silica gel (E. Merk Silica Gel



60.;ct1vuted at i30°). sing the operation of part I - of the procedure the
solvent stream passes first through the silicate and then through the silica gel
in column #2. Column #3 is packed with the carbon/glass fibers adsorbent which
is washed after each use with 100 ml toluene, then 100 ml methanol, and then

100 m1 toluene again. The residual toluene on column #3 is removed later in the
washing of freshly packed column #2 with cyélohexane/methylene chloride (50/50)
fcu/Me (50/50)].  In any case, the.complete displacement of toluene from the
carbon by at least 100 ml CH/MC (50/56) is imperative. The bed dimensions of
the carbon adsorbent in column #3 are 1.0 cm diameter by 3 to 4 cm length, and
50 mg carbon (Amoco ?X-Zl) is contained in the mixture. The carbon/glass fibers
is the only adsorbent which is reused. Column #2, freshly packed with cesium
silicate and silica gel, is flushed with CH/MC (50/50).from the reéervoir under
5 to 10 psi gas pressure to purge the adsorbents of air and any residual contam-
inants. Initially, the washing solvent is applied to column #2 so that the
effluent does not flow onto the carbon adsorﬂent, but rather flows through
columnn #3 first and then column #2. Thus, the carbon adsorbent is not exposed
éo any impurities or air being eluted from columm #2. Thus both column #2 and
#3 are washed thoroughly with 200 to 300 ml CH/MC (50/50) just before the sample
processing in part I is started.

After columns #2 and #3 are prop?tly washed and columns #1 is loaded with
adsorbents ana sample, the system is ready to be spiked with the internal
reference compound (130—2,3,7.8-TCDD in our case) and to be charged with solvent.
A total of 650 to 700 ml CH/MC (50/50) is applied to the system (part I) after
inoculation with the internal reference compound. Values are adjusted so that
column f1 effluent is vente;. The desired amount of the internal reference is
applied to the wall of column #1 and washed onto the packed materials below with
1§ to 30 m1 CH/MC (50/50) using a teflon wash bottle. The washiag is repeated

four times to insure that the reference compound is completely applied to the



sample mixture, and then .0 ml CH/MC (50/50) is carefu , applied to'célen #1.
As the solvent front runs iato ;he teflon line from column f#1 (the line should °
be 3 or 4 feet in length), significant numbers of air bubbles are usually
produced, so the solvent flow is reduced or halted and the line is tapped to
force the bubbles past the solvent. After removing the bubbles, the solvent
front is allowed to reach valve A and then the effluent is directed through
columns ##2 and #3 by gravity flow and subsequently collected in a 1 or 2 liter
flask. The collecting flask should Se positioned above colums #2 and £3 to
keep a positive pressure on these columns, The height of column #1 is adjusted
so that the flow through the system is no more than 5 ml/minute but sufficient
to complete the process overnight. (One ml/minute would require 10 to 12 hours.)
Occasionally the solvent flow will slow or stop and this will require the .
application ;f one to two psi of gas pressure to colummn #l. Frequently, the
glass fiber filter on the inlet side of the carbon adsorbent, column £#3, becomes
contaminated with colored biogenic materials and in very "dirty" or oily samples
(wve've had most trouble with lake trout) can becéme clogged, but this is ¥are1y
encountered. With extremely "dirty" samples, the solvent flow in column 51 may
completely stop before the solvent reaches the bottom of the column, and the
processing may have to be abandoned. (This has occurred only once in.our oper-
ations.)

Following completion of the initial extraction/adsorbent operation, column
#3 (containing the adsorbed residues of interest) is washed in the forward
direction (bypassing column #2) with 75 ml CH/MC (50/50) and then 50 ml methylene
chloride/methanol/benzene (75/20/5) at a flow rate of approximately 5 ml/min.
The reservoir is then charged with 40 ml toluene and this is passed through
column #3 in the reverse flow direction at no greater than 3 to 4 ml/minute.
This reverse flow effluent is collected in a 106 ml round bottom (24/40) flask.

At this point, part I of the procedure is complete.



" The sample in tolue i3 subjected to rotary evapc ion at 50° ;o.60° c.
The rotary evaporation system must be thorough ;néhed with purified solvents
.0 prevent sample contamination. A vapor trap situated between the sample flask
and the rotary evaporation apparatus is very advantageous. The toluene solution
is carefully taken to dryness and removed immediately. Approximately 0.5 ;1
hexane is added to the flask and swirled to wash the bottom half of the flask.
The sample is ready for pari IT of the procedure,

Part II. 1In part 11, the partially enriched sample is applied to two
columns in sequence; column #4 contains both cesium silicate and sulfuric acid
inpregnated silica gel, and column #5 contains activated alumina. Column #4 is
prepared with a Pasteur (disposable)‘pipet, containing a small plug of glass
wool and packed first with 3 cm (bed depth) sulfuric acid-impregnated silica
gel and then with 3 cm (bed depth) cesium silicate (not oven-activated) and
topped with 0.5 cm anhydrous sodium sulfate. This column is washed with 5 to
10 m1 hexane to remove air and residual contaminants. Column #5 i{s constructed
from a 5 ml graduated pipet fitted with a 40 ml reservoir and a ground gl;ss
joint. Column #5 is packed with a plug of glass wool, followed by 3.50 ml
activated alumina, and then 0.5 cm anhydrous sodium sulfate. The air is removed
from the alumina by passing 30 to 40 ml hexane through the adsorbent under 2
to 5 psi gas pressure. After columns #4 and #5 are readied, column #4 is part-
ially inserted into column #5 so that the effluent f;om column #4 passes directly
onto the adsorbent bed of column #5. A 50151 collectign vessel is placed at the
exit of column #5. The sample is applied to column #4 with four separate 0.5 ml
_(approximate volume) washes of hexane. E;ch wgshing is allowe{ to pass through
colunn #4¢ and completely onto the alumina of column #5 befo;e éhe next wash is
applied. The hexane used to apply the sample is drawn from a premeasured volume
of 10.0 ml. Hexane is applied to column #4 until a total of 5.0 ml has ﬁeen used.

Column #4 is then removed and the remaining 5.0 ml hexane is applied to column #5.



Then the following sequence of solvents is applied to coiumn #5:

15 m1 2X methylene chloride in hexane '

15ml 5% methyle#e chloride in hexane

15 m1 BZ methylene chloride in hexane
This makes a total of 55 ml effluent from column #5 which is collected in two
portions. The first of two collections from column #5 is made from zero to
23 ml, and the second is made from 53.to 55 ml. PCDF's are elute from 23 to 52
ol, 2,3,7,8-TCDD from 39 to 49 ml, and polychloronophthalenes (Halowas 1014) from
12 to 24 ml. Thus the second collection (in a 50 ml tube) is made from 23 to
S5 ml; this is the fraction containing the PCDF's and PCDD's. This concludes
part II of the procedure.

The sample solution is reduced to approximately 0.5 ml under a stream of
nitrogen while warming the solution in a 40° to 45° ¢ ;ater bath, Determination
and minimization of sample contamination from the gas system (as well as the
rotary evaporation apparatus) is important. Phthalates were detected in large
amounts in some samples, and this required establishing some remedial procedures
io reduce contamination: the nitrogen line was equipped with a large carbon
trap and the rotary evaporator vapor trap is thoroughly washed with glass-dis-
tilled solvents before use. In the past, some teflon tubing has been identified
as a serious source of phthalate contamination. The carbon trap significantly
reduced the level of phthalate contamination in the gas flow evaporation step.

The 0.5 ml1 volume sample is swirled up the sides of the tube several times
and then transfered to a éonical nini vial (Alltech 5 ml Mini-Vial #95050, or
suitable substitute). Liquid transfers are made with disposable pipets which
have been calcined at 475° C. The tube is washed separately with four 0.5 ml
portions of methylene chloride which are transfered to the mini vial. The sql-.
vent is then completely e;aporated under a stream of nitrogen and 10 ulL toluens

added. The vial is tipped horizontally and rotated to allow the toluene to wet




the sides of the ;:one. .hen 40 uL  undecane (purifi‘y treatment with HZSO4 '
and passage through activated alumipa) is added and the solvent again washed:
along the sides of the vial. A vortex mixer facilitates this final mixing. The
sample is ready for gc/ec and gc/ms analyses. The sample is stored in a freezer.
After processing of the sample in part I, column #1 is cleaned by f¥rst
forcing the materials out under air pressure, then rinsing thoroughly with warm
water, acetone, and then hexane. Columns #2 and #5 are cleaned in a similar
manner. The carbon columm, column‘#B,is washed as described above. Glass

collection flasks and tubes are routinely baked at 475° ¢ for 6 to 12 hours and

then washed with acetone followed by hexane.

Adsorbents and column preparations:
Potassium and cesium silicates are prepared by the reaction of the corres-
ponaing alkali metal hydroxide with silica gel in methanol at 55° ¢ for 90

flask
minutes. The reaction is carried out in a round bottom which is rotated and

A
heated by use of a rotary evaporation apparatus (no vacuum applied). The mixture
is allowed to cocl and then is poured into a large glass column containing a
élug of glass wool at the exit end. The adsorbent is washed into the column
with methanol, and then 200 ml methanol for every 100 g silica gel is added to
the columh. The methanol can be pushed through the column under slight gas
pressure. As the methanol level reacyes the bed of adsorbent, 200 ml methylene
chloride f;r every 100 g silica gel is then added to the column. Nitrogen
pressure is appiied to push the methylene chloride through and to partially or
completely dry the adsorbent. Cesium silicate is dried completely under a
nitrogen stream and is not oven-activated; potassium silicate is partially dried
under nitrogen and then activated at 130° €. Oven-activated cesium silicate will
retain hepta- and octachlorodibenzofurens and dioxins on colum #4, and is con- ..

sequently unacceptable. The following amounts of material are used for the

preparations:



60 grams cesium hydroxide (99 + Z, Aldrich Chemical Co., Hilwaukée; Wis,
#19,833-1) and 250 to 350 ml anhydrous methanol fér every 100 grams silica ge1.
(E. Merck, Silica Gel 60, 70-230 mesh, activated at 130° C). (The solution of
cesium hydroxide in methanol is filtered before addition of silica gel to remove
a large amount of suspended solid.)

168 g potassium hydroxide (Baker, Analyzed Reagent, #15-3140) and 700 to
800 ml anhydrous methanol for_every'}oo grams silica gel (Mallinckrodt, Silicar
cc-7).

The carbon/glass fiber adsorbent is prepared from 600 mg fiber filters
(Whatman, GF/D) and 50 mg Amoco PX-21 carbon (5 to 26::1:\0:0, Inc., Chicago, Ill).
The glass fiber disc is cut into small pieces,suspended in 100 ml methylene
chloride, and shredded for approximately 30 seconds with a Polytron'hqmogenizer
(Brinkman I;strument, Westburg, NY). The carbon is added to the homogenized
fibers and this mixture stirred until the carbon is uniformly distributed on the
fibers. Larger carbon particles will not adhere to the fibers and will settle
out; consequently only sieved powdered carbon of particle sizes from approximately
5 to 20 microns is employed.

The chromatography columns for the carbon adsorbent were specially designed
and consist of 8 cm lengths of thick walled 1.0 cm inside diameter pr;cision bore
tubing and are fitted with specidlly constructed tef}bn plugs equipped with
threaded fittings. The Kontes adjust;ble chromaflex column (1.0 cm ID x 30 em
length, #K-422350-3010, $145 each) is a suitable substitute. With one end of the
column fitted with the teflon plunger or plug, two to four discs of glass fiber
filters (Whatman GF/F, 0.7 vn retention, 1.0 cm diameter) are placed in the
column flush with the end fitting. The other end of the column is fitted with
a funnel and a slurry of the carbon/glass fibers (containing 50 mg carbon) in
rmethylene chloride is added. The adsorbent is packed into the column with a gl

rod in small portions. The bed height should measure 3 to 4 cm. Two to four



) discs of glass fiber fa__ers are placed on the adsorb. . bed, the funnel is
removgd. and the second end fitting is put in glace. The carbon/glass fiber
column (column {#3) is nbw ready to be solvent washed. Care must be taken to
insure that all the carbon is contained between the glass fiber discs and that
none can be dislodged to migrate during solvent flow.

Sulfuric acid-impregnated silica gel (402 w/w) is prepared by adding two
parts concentrated sulfuric acid to thr;e parts silica gel in a screw capped
bottle and mixing until the mixture is free of lumps. The silica gel (Mallin-
ckrodt Silicar CC-7) is column washed or soxhlet extracted with methylene
chloride and activated at 130° C; unactivated silica gel is unsatisfactory. The

adsorbent 1is stored.in a screw capped bottle.
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. PCDDs and PCDFs are recovered from large amounts of

co-extracted biogenic materials.

. All congeners with three or more chlorines are recovered.

. Good recoveries (75-95%) and good precision (£5%s.d.) .

~at parts-per-trillion levels

. Rapid: 3 to 4 man-hburs per sample with minimum sam'ple :

manipulation.

. PCDDs and PCDFs are efficiently separated from compounds

that can interfer with GC/MS analysis (PCBs, PCNs, PCDPEs,
PCPOPs)

6. Very large Contaminant Enrichment Factor CEF=108

CEF=

Sample size is reduced from 20 g to approximately 200 ng.

weight of sample before processing % recovery of compound

X
weight of sample after processing 100

e

e Sy
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PART Il FRACTIONATION OF AROMATIC RESIDUES
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/ Alumina (3.65g) ——— Fractionation of xenobiotic residues
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Sodium __|

Sulfate

Glass Fiber .|

Disc

Teflon Fitting

[} ] K}

Enrichment Procedure for Polychlorodibenzofurans and
Dioxins in Tissue. Part .

COLUMN #1
Washing
Solvent
Reservoir
(Pressurized)
Tissue/Sodium Sulfate Mixture
/Potassium Silicate ? f
Silica Gel Vent
Collection
On-Off
Valve
Selector
Valve
COLUMN #2

Column #2 |—+t—Cesium Silicate

Reverse Bypass Valve

Flow Valve

/Silica Gel

'COLUMN #3

Carbon/Glass
Fibers

Sample
Collection
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PART | EXTRACTION and ADSORPTION on CARBON

Solvent
(CGH,,_ICH,_CIZ.1:1 v/v)

Iz
Vil i
;,.ﬁl_‘; Tissue/Na,SQ,

Potassium Silicate ) Remove acidics and other polar
(309) } biogenic compounds that interfer
ﬂiﬂﬂ ' with adsorption of PCDDs and
| ———silica Gel (309g) PCDFs on carbon
o
J|
/Cesmm Silicate (10g)

. Selective adsorption of PCDDs
Carbon(50mg) . and PCDFs and similar residues

Glass Fibers Mixture
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PCDD PCDE‘ - ENRICHMENT PROCEDURE

1, Prepare minture of lissue and sodium sullate, 3. Recover PCDF and PCDDs from carbon 6. Analyze by GC/EC and GC/M3
{revo elution vmh tolusne}
2. Larry out simullanoous oxiraction and passsge 4. Apply sample 10 Ihree-adsorbent system. Time requirements: 3 to 4 man-houra par sample
ol oxiract through lhreo lypes of adsorbonts, Fractionation Is accomplishod on alumina, in sela o 3 lo 5 samples.
(PART 1) (PART W)
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. RECOVERY DATA ' .

TCDD
TCDF ~ PnCDF HCDF HCDD  HpCDF  OCDD  OCDF

Spiked Salmon 0il

25 ppt 8149% 7045 7545 8243 7745 BMT 7545
100 ppt 10242 9743 B4+ 9842 8746  76+3  74+5
250 ppt 66+2 80 - 6843 . 76 7248 66+3  62+14

Spiked Grass Carp
100 ppt 92+7 9443 98+6 104+4 95+8 99+22 91+16



